SUMMARY In a family study of all patients with multiple sclerosis (MS) Several features of the population of Orkney make it particularly suitable for an attempt at genetic analysis of multiple sclerosis (MS), which there attains its highest reported prevalence. These features include the geographically well-defined area inhabited, the extent and accuracy of the vital records, and the strong sense of identity and relative constancy of the population; for although there has been a steady flow of emigrants, relatively few recent immigrants have settled and contributed to the gene pool of the population. Over the years there has been intermittent discussion of the role of genetic factors in MS which has gained new impetus from the demonstration of associations of MS with various histocompatibility antigens, but there have been no recent efforts to attempt a population genetic analysis of the disorder. This was the object of the present study.
Several features of the population of Orkney make it particularly suitable for an attempt at genetic analysis of multiple sclerosis (MS), which there attains its highest reported prevalence. These features include the geographically well-defined area inhabited, the extent and accuracy of the vital records, and the strong sense of identity and relative constancy of the population; for although there has been a steady flow of emigrants, relatively few recent immigrants have settled and contributed to the gene pool of the population. Over the years there has been intermittent discussion of the role of genetic factors in MS which has gained new impetus from the demonstration of associations of MS with various histocompatibility antigens, but there have been no recent efforts to attempt a population genetic analysis of the disorder. This was the object of the present study.
Material and methods
All patients with MS in the Orkney Islands alive on 1 December 1974 were identified, and two more were included in whom the diagnosis was confirmed in 1976; in two cases the family doctor requested that the family not be visited, so these were omitted. This gave a total of 51 patients, 45 of whom were diagnosed as probable cases and six as possible cases, according to established international criteria; 48 had been born in Orkney, three elsewhere. For each Orkney-born patient a contiguous control was selected who was not a member of the same immediate family, who was born in the same parish in the same year, was of the same sex, had lived in the same area for the first 15 years of his life, and was not affected. Where a control was subsequently himself found to have a neurological disorder, or to be a first or second degree relation of the patient to whom he was matched, a replacement was obtained. Each patient, and each control, was interviewed to obtain a family history, including the necessary identification of his parents, their dates and places of birth, the maternal maiden name, and relevant details of the immediate relatives, so that a comprehensive family history of three or four generations was obtained. This was verified from documentary sources and ancestry was then traced further back for each subject through vital records, parish records, electoral returns, land deeds, and the wide variety of documentation that is available for this type of genetic investigation. The same procedure was followed for the 51 patients and the 48 contiguous controls. These are the subjects for whom HLA and other serological findings are reported (Poskanzer et al., 1980; Roberts et al., 1979) ; no controls were included for the three patients from outside Orkney. In all, 13 453 record searches were completed, relating to 4327 individuals traced back to an Derek F. Roberts, Mary J. Roberts and David C. Poskanzer arbitrary baseline taken as 1775. From these data the intricate web of relationships was established, consanguinity and kinship measured, and pedigree analysis undertaken.
Results

CONSANGUINITY
It has long been known that, in a recessive disorder, the proportion of patients occurring in offspring of first-cousin unions is higher than in offspring of unrelated parents; the elevation increases with increasing rarity of the condition and decreasing frequency of consanguineous unions in the population.* The proportion of cousin unions is low in the British Isles, so that consanguinity may be expected to provide a valuable pointer towards a recessive component in a given disorder. This effect is due to the fact that an offspring of a consanguineous union is inbred: both the genes that he possesses at a given locus, one from his father and one from his mother, may be replicates of a single gene present in their common ancestor, and therefore identical by descent. The closer the consanguinity of the parents, the greater the probability that their offspring will be an identical homozygote at a given locus. Biological inbreeding, the effect of consanguinity, can be quantified by the inbreeding coefficientt of an individual, which measures the probability that both the genes he possesses at a given locus are identical by descent or, expressed in a different way, the proportion of loci at which he is expected to be an identical homozygote. In the absence of more remote consanguinity, the inbreeding coefficient of the offspring of a first-cousin union is 00625, and of a brother/sister incestuous union 0*25. A population can therefore be characterised by the mean and distribution of inbreeding coefficients of its members. If, in a section of the population identified by a particular disorder, the distribution of inbreeding coefficients is displaced upwards and has a higher mean than that in unaffected individuals, then it is a reasonable inference that genes recessive in their effect contribute to that disorder.
The result for the MS patients in Orkney came as something of a surprise. Of the 51 patients, six (11 8% of all patients, 12-5% of the Orkney-born) ck-(1 + 15t) 169 + c (-q) where k is the proportion of patients born to first-cousin parents, c is the incidence of first-cousin unions in the general population, and q is the gene frequency (Dahlberg, 1948) .
where F is the inbreeding coefficient of the subject, FA is the inbreeding coefficient of the common ancestor, n is the number of zygotes in a connecting path through the common ancestor including both parents of the subject, and summation is over all such paths over all common ancestors. had positive inbreeding coefficients, that is, they were inbred to some extent. There are no directly similar data with which this finding can be compared, but indirect evidence indicates that this figure is considerably higher than expected for a population in the British Isles. In the Republic of Ireland in 1959-68 the first-cousin marriage rate among Catholics was 0 16% and in Northern Ireland it was 0-06% (Masterson, 1973) . Of all consanguineous unions, first-cousin marriages represent only a proportion, so the exten't of inbreeding in the population would be underestimated if they alone were considered (Roberts, 1969) 
where n is the number of zygotes in the path connecting A and the common ancestor (C), p the number in that connecting B and C, FC is the inbreeding coefficient of the common ancestor, and summation is over all paths over all common ancestors. Sutherland (1956) , and Schapira et al. (1963) . The numbers were, however, too few for calculation of heritabilities to be satisfactory, and estimates from other degrees of relationship are not useful.
Discussion
Although this represents a total survey of a population with the highest reported prevalence of MS, none the less the numbers of patients and of relatives remain small, so less information than might be hoped for emerges from the genetic analysis. However, a number of points are clear.
CONSANGUINITY
The possibility that parental consanguinity is an element in the aetiology of MS was first noted by Curtius (1933) , who observed that of 106 patients with MS, first-cousin marriages between their parents had occurred in three; this number is seven and a half times that expected from the incidence of first-cousin marriages in the appropriate Prussian control population. Bell (1940) , in her general study of the consanguinity rate in the hospital population, observed that for 632 MS patients, consanguineous marriages had occurred in the parents of eight, again in excess of the number (five) expected from the incidence in parents of a general hospital sample. Prattetal. (1951) reported on data from 134 patients at the Middlesex Hospital, finding three offspring of consanguineous unions, again in excess of the expected number of 1 4. The differences in the excess between the first and the last two series may be attributed perhaps to the fact that Curtius made comparison with the incidence in a normal population, the other authors with a sample selected by hospitalisation. But the trend to increased parental consanguinity is clear and the only data that apparently conflict with it are the present findings, and those of Myrianthopoulos and MacKay (1960) 
Polygenic inheritance
The alternative polygenic hypothesis is much more promising. The decline in frequency of affected relatives, the more remote the degree of relationship in the families of propositi; the elevated incidence of affected relatives in families of propositi compared with families of controls; the consistent excess of affected females: all these are compatible with a multifactorial aetiology of MS, the genetic component being polygenic. The only feature that does not support this hypothesis is the lack of elevation of frequency in relatives of the male propositi, the less frequent sex (they occur in the families of five male and five female patients) but for this again small population size may be responsible. The attempt to calculate the heritability of MS on this hypothesis therefore appears reasonable. It is unfortunate that despite the comprehensive nature of the survey the numbers remain too few for a satisfactory answer, particularly since the tentative estimates that emerge appear to be slightly lower than the remarkably consistent figures from other surveys (Table 2) which range from 40% to 48% in estimates using parents and from 56% to 57% using sibs (McAlpine et al., 1972) . But from them the estimate of the genetic component in liability to develop MS can be appraised comparatively. It appears to be similar to, perhaps slightly greater than, that in diabetes (h = 35%: Falconer, 1967) , or in adult peptic ulcer (h2 = 37%: Falconer, 1965 ) but certainly less than in pyloric stenosis (h2 = 79%: F4lconer, 1965) , in cleft lip and palate (h2 = 65%-80%: Bear, 1976) , or in schizophrenia (60%-90%: Gottesman and Shields, 1968) .
All the recent findings are concordant with the multifactorial hypothesis, which does not preclude environmental components such as possible viral infection or diet, and is compatible with the gene marker associations. The association with each allele or haplotype so far postulated is to be interpreted as indicating that that allele is merely one in the polygenic system, and so essentially contributes to the loading for susceptibility, rather than determines it. The reason why so many patients do not have HLA-B7 or DW2 is that they have a sufficient loading of other contributing polygenes in the 
